Since Delboeuf (1893) , it has been noticed that the inner circle of concentric circles such as B in Fig. 1 appears larger than the circle such as A which is physically the same in size and that the outer circle of B appears smaller than circle C which is again physically the same in size. Morinaga (1935) and Ogasawara (1952) found in their systematic studies that both these size-illusions are maximal when the size ratio between the outer and inner circles is 3 : 2, regardless of their absolute size . Oyama (1962) studied the effect of hue and brightness on the overestimation of size of inner circle, and reached the following conclusions:
1. The similarity or dissimilarity in hue and brightness between the two concentric circles has no effect on this illusion.
2. The illusion increases as the brightness-difference of the outer (inducing) circle from background increases, and it decreases as the brightness-difference of the inner (test) circle from background increases. But, further increase in the brightnessdifferences beyond a comparatively small zone does not affect the illusion.
3. Hue does not have an effect per se. The effect of color in this illusion is attributable solely to the effect of brightnessdifference from background.
Conclusion 1 is especially interesting. If the solid line in Fig. 1 represents one color and the broken line another, and if the similarity between the outer and inner circles is a favorable condition for illusion, the illusion of inner circle should be greater
FIG. 1. Stimulus figures for illusion of concentric circles.
Solid lines represent one color and broken lines represent another color.
in B than in D and in E than in F. His results however, did not support this expectation. Consequently neither the Gestalt principle of similarity nor any explanation based on the phenomenological characteristic of " ring " or " doughnut " is useful in the explanation of this illusion. Conclusions 2 and 3 are in the line with Benussi's (1902) conclusion in his study on Zollner's illusion.
In the present study, it was attempted to examine these problems again in the illusion of outer circle of concentric circles. of the other aperture. The center between the two apertures coincided with the center of the screen and was nearly on a level with S's eyes. This apparatus was the same as one used by Oyama and Nanri (1960) and Oyama (1962) . The standard stimulus was exposed in the left upper aperture and the comparison stimulus was in the right lower aperture. The stimulus screen was illuminated by a Standard Illuminater of Japan Color Research Institute which was matched with C.I.E. Standard Source C (6500°K), and was placed at the right side of S's back. The illuminance on the screen was two foot-candles.
METHOD
Stimulus materials. Each of the standard stimuli consisted of two concentric outline circles which were cut precisely from the standard colored papers of Japan Color Research Institute and pasted very carefully on a white card (9.0/ in Munsell value). The diameters of the inner and outer circles were always 60 mm. and 90 mm. respectively and the width of circular outline was always 2 mm. The value of diameter was measured from the middle point of outline of one side to that of the other side of each circle. From the observation distance of the present study, the diameters of the circles were 3° and 4.5° in visual angle, respectively, and the width was 6'. The control stimuli, which were the same as the standard stimuli except that the inner circles were eliminated, were also prepared. Hue and brightness of the colored papers used will be described in each experiment.
The comparison stimuli consisted of a series of 36 white cards, on which black outline circles, drawn in India ink, were centered. The diameter of circle was varied from 65 mm. to 100 mm. in 1 mm. steps, and the width was always 0.5 mm.
General procedure. Subjects observed each standard or control stimulus twice, and were asked to compare the apparent size of the outer circle of standard stimulus or control circle with the comparisn circle by free regard and to report in three categories, " larger," " smaller " and " doubtful ". The method of limits with one ascending and one descending series was used to obtain a PSE in each observation.
Measure. The difference between the average PSE of the two observations for each illusional figure and the average PSE for the corresponding control figure was adopted as the measure of illusion.
Subjects. A staff member and students of the department of psychology served as subjects. They all had normal color vision and normal acuity, although some of them wore glasses.
EXPERIMENT I
Experiment I was designed to analyze the effects of brightness, or brightnessdifference from the background, of the outer and inner circles on the illusion.
Procedure. Four achromatic stimulus-series, Bk-, MGr-, LGr-, and W-series were used. Each series consisted of four illusional figures and one control figure. The outer circles were black (N 1.5/ in Munsell Renotation2) in Bkseries, medium gray (N 4.7/) in MGr-series, light gray (N 8.0/) in LGr-series, and white (N 9.3/) in W-series. The inner circles in each series were made from the same four achromatic colors. The control figure for each series was the same in size and brightness as the outer circles of the standard figures.
Four subjects served in four sessions. In each session, all figures in two of the four stimulus-series were exposed in a randomized order which was different from subject to subject. Every figure was exposed twice in the whole experiment.
Results. Underestimation of outer circle in size occurred under every conditions of this experiment. The four lines in Fig.  2 show the average magnitudes of underestimation in the four series of stimulusfigures. The illusion was greatest in Wseries and least in Bk-series. In MGrand LGr-series it was approximately on the same middle level.
The four curves are similar in shape with each other. They are fiat when the inner there was no effect of similarity in hue brightness between the circles on this illusion. Consequently the illusion should have no intimate relation with the perceptual grouping, in which the similarity plays a very important role as indicated by Wertheimer (1923) , and with the ringshaped appearance which was assumed to be essential to this illusion by Koffka (1931) , Cymbalistyj (1949) and Ogasawara (1952) . If this illusion is caused by some physiological induction in retinal or cortical field as suggested by Motokawa's (1950) or Kohler-Wallach's (1944) theory, such induction should be independent of the similarity between the physiological correlates of colors. It may be concluded that none of these theories is useful to explain this illusion. The effects of the brightness of outer and inner circles were highly significant in both of the two experiments. The illusion increased as the brightness-difference of the inducing (inner) circle from background increased, and it decreased as the brightness-difference of the test (outer) circle from background increased. These tendencies are just the same with those found in the previous study, where the inner-outer relation was reversed and with those found by Wada (1956) who used white and dark-gray circles on black background and measured both illusions in the outer and inner circles.
No effect of hue per se was found again in this study, except that significantly larger illusion was occurred in the red outer-circles than in the blue and mediumgray outer-circles with the same brightness. This exception should be examined by further studies.
The close relationships between figural after-effect and this illusion have been suggested from many similarities between these two phenomena (Sagara and Oyama, 1957) . The effects of hue and brightness on figural after-effect were studied by several investigators. Hochberg and Triebel (1953) found some effect of the brightness-difference from background but no effect of hue. Pollack (1958) , Graham (1961) and Hochberg, Day and Hardy there was no effect of similarity in hue or brightness between the circles on this illusion. Consequently the illusion should (1960) also reported effects of brightnessdifference. Day (1959) and Oyama (1960, b) could not find effect of either hue or brightness. These results should be considered together with the results of the present experiments.
SUMMARY
The present study attempted to examine whether the three conclusions in the previous study of the senior author on the illusion of the inner circle of the concentric circles held also in the illusion of the outer cirlce. The experimental results supported the previous conclusions with an exception concerning the effect of hue.
